The nutritional and anti-nutritive composition of Karaya gum tree (Sterculia setigera) seed collected from Federal College of Wildlife Management estate, New Bussa, Nigeria was evaluated from October to December, 2013 with the aim of providing data that will guide the effective utilization and inclusion of this under exploited tropical plant seed in fish feed formulation. The seeds were washed, dried, grounded and analyzed for the proximate composition, vitamin and mineral contents as well as the anti-nutritive factors using standard procedures. The result showed that the mean values for the proximate composition were: moisture 5.20%, ash 3.95%, fat 26.03%, fiber 6.15%, protein 13.39% and carbohydrate 45.27%. The plant also contained vitamins and relatively adequate essential mineral elements of nutritional importance of macro elements such as calcium, potassium, sodium, magnesium and micro elements of iron, manganese, zinc and copper. Some anti-nutritional factor such as; alkaloids, phytate, cardiac glycosides, flavonoids, steroids and trace of oxalate were also found in the plant, but their composition will pose no serious nutritional problem if well processed before its inclusion in fish diet and could therefore be a cheap source of raw materials for the fortification applications in various fish feed formulations.
INTRODUCTION
Fish is often the cheapest source of animal protein and is, therefore, important in the diets of the lowest income group (Allison 2001) . In the late 20th century, a "blue revolution" (Coull 1993 ) has been witnessed with aquaculture regarded as the world's fastest growing food production system (Kureshy et al. 2000) . However, high quality feed is required to meet the expanding aquaculture production system. Conversely, energy feedstuffs such as maize, cassava, millets are scarce; thereby limiting the availability of the energy based feed ingredients. Thus, there is competition for these feed ingredients between animals and humans, making them more expensive and their inclusion in fish diet also increases the cost of fish production.
To meet the protein demand in developing countries where animal protein intake is also grossly inadequate and relatively expensive, intensive research effort is geared towards finding alternative sources of protein from underutilized grain legume seeds (Adaparusi 1994 , Fagbenro 1999 , Osuigwe 1999 . Although grains and grain products are the main nutrients sources in the diets of cultivated fishes and other livestock (Durunma et al. 2000) , an attempt at fulfilling the energy requirement of these animals through the use of wild plant seed could probably ameliorate the stiff competition with cereals and grains. One of these plants is Sterculia setigera.
S. setigera Del. (Family: Sterculiaceae) is known by different indigenous cultural communities in Nigeria: Hausa-"Kukuki"; Nupe-"Kokongiga"; Fulani-"Bo'boli"; Kanuri-"Sugubo"; Yoruba-"Ose-awere", "eso funfun"; Etulo-"Idafu"; Idoma-"Ompla", "Upula"; Igede-"Upuru"; Igala-"Ufia"; Tiv-"Kume-ndul", "Kumenduur" (Adjanahoun et al. 1991; Igoli et al. 2002 Igoli et al. , 2003 Igoli et al. , 2005 TorAnyiin et al. 2003; Keay 1989; Keay et al. 1964; Agishi 2004) . It is a savannah tree, widespread in savannah areas of tropical Africa. The seeds are with yellow aril and the tree is found in open savannah woodlands, often characterized by stony hills (Adjanahoun et al. 1991 , Keay et al. 1964 , Agishi 2004 ).
The quality of a food depends upon the presence of relative concentrations of various nutrients such as proteins, fat, carbohydrate, vitamins and minerals (Gopalan et al. 2004) . However, the availability of these nutrients after ingestion also depends on the antinutritional factors present in the seeds (Ladeji et al. 2004) . Though, Ighodalo et al. (1993) and Idu et al. (2008) investigated nutritional content of S. setigera, but their reports are contradictory. This and lack of data on both their vitamin composition and the anti-nutritional factors has limited the prospect of it utilization as fish feed. Therefore, the need to evaluate the proximate, mineral, vitamins and anti-nutrient composition of S. setigera seed is worthy of investigation for its potential ingredient for fish feed production.
METHODOLOGY
Collection of sample plant: Dried seed of Karaya gum tree were collected bi-monthly from October to December, 2013 from Federal College of Wildlife Management Estate in New Bussa, Niger State, Nigeria. The plant was identified with the aid of keys compiled by Sacande et al. (2007) and registered in the herbarium of Forestry Research Institute of Nigeria (FRIN), Ibadan. The seeds were cleaned to remove dirt, sun-dried for three days and finally ground in an electric mill (National Food Grinder, Model MK308, Japan). It was then passed through a 40 mesh sieve and stored in a plastic container at a room temperature. The proximate and phytochemical analysis were carried out in the laboratory of National Institute for Freshwater Fisheries Research (NIFFR), New Bussa, Niger State, Nigeria while the mineral and vitamins analysis were carried out in the laboratory of Institute for Agriculture Research and Training (IAR&T), Moor plantation, Ibadan, Oyo State, Nigeria.
Proximate analysis:
The chemical analysis of percentage crude protein, crude fiber, moisture, ash, fat and carbohydrate were carried out using methods described by AOAC (1990) . All determinations were done in triplicates.
Mineral analysis:
The mineral contents namely, calcium, magnesium, copper, manganese, iron, zinc, were determined using dry ashing procedure and Atomic Absorption Spectroscopy (AAS) (AA 800, Perkin-Elmer Germany) as described by AOAC (1990) . Sodium and potassium were determined by flame emission techniques.
Vitamins analysis: Different vitamins such as: Vitamin A, Vitamin B 1 , B 2 , B 3 , B 12, Vitamin C, Vitamin E and Vitamin K; were also analyzed according to the Methods of Vitamin Assay (FEFANA 2006) .
Anti-nutritional analysis:
Anti-nutritional evaluation were carried out and the percentage proportion of the respective anti-nutritive factors such as tannins, saponins, oxalate, alkaloids, flavonoids, steroids and cardiac glycosides were evaluated according to the standard chemicals procedures (Harbornes 1984).
Statistical analysis:
All data generated were analyzed using descriptive statistic as described by Olawuyi (1996) .
RESULTS AND DISCUSSION
Proximate composition of S. setigera seed: The result of the proximate composition of the Karaya gum tree (S. setigera) seed is presented in Table 1 . The proximate composition in the study is in consonance with report of Ighodalo et al. (1993) , though it contradict the proximate composition of 21.40% protein, 11.58% fat, 7.73% crude fiber, 21.03% carbohydrate and 16.42% moisture reported by Idu et al. (2008) on the same species. The moisture and fiber content are comparable to (7.50%, 4.51%, 6.00%, and 5.26%) and (6.57%, 5.21%, 6.27%, and 5.41%) recorded for Cassipourea congoensis (Tunti), Nuclea latifolia (Luzzi), Detarium macrocarpum (Tallow), and Gmelina arborea (Gmelina) in the same order as indicated by Nkafamiya et al. (2007) . are shown in Table 3a . Other minerals (micro nutrients) detected includes; iron, manganese, zinc and copper in parts per million (ppm) are shown in (Table 3b ). The presence of these essential nutrients and minerals imply Karaya gum tree seed could be utilized as a fish feed ingredient. Calcium which was higher in the seed is an important element in bone formation, blood and extracellular fluid; it is necessary for the normal functioning of cardiac muscles, blood coagulation and the regulation of cell permeability while sodium and potassium that take part in ionic body balance and maintain moderate tissue excitability (Lall 2002) . Magnesium is an essential component of bone, cartilage and the crustacean exoskeleton, and through its role in enzyme activation, magnesium (like calcium) stimulates muscle and nerve irritability (contraction), is involved in the regulation of intracellular acid-base balance, and plays an important role in carbohydrate, protein and lipid metabolism (Gafar and Itodo 2011) . The micronutrients which are found in small quantities in the species are essential component of many enzyme systems such as cytochrome oxidase, lysyl oxidase and ceruloplasmin, an iron-oxidizing enzyme in blood (Mills 1981) . The observation of anaemia in copper deficiency may probably be related to its role in facilitating iron absorption and in the incorporation of iron into haemoglobin (FAO/WHO 1974) . Zinc is a component of many metalloenzymes, including some enzymes which play a central role in nucleic acid metabolism (Atukorala and Waidyanatha 1987). In addition, zinc is a membrane stabilizer and a stimulator of the immune response (Hambidge 1978) . Its deficiency leads to impaired growth and malnutrition (Prasad 1981) . Though, Manganese was comparatively lower in S. setigera (Karaya gum tree) seed, it is essential for hemoglobin formation (Critchley 1986 ), but excess is harmful. Iron was comparatively high in the seed useful in prevention of anaemia and other related diseases (Oluyemi et al. 2006) .
Anti-nutritional composition of S. setigera seed:
The result of phytochemical analysis shows that some antinutritive factors such as alkaloids, cardiac glycosides, phytate, flavonoids, steroids and trace of oxalate were detected (Table 4) ; these factors may not pose any serious nutritional problem for use of Karaya gum tree seed if processed. The germinated seeds were devoid of tannins and saponin, whereas the total alkaloids, phytate and cardiac glycosides activities can considerably decreased on cooking (D'Cunha et al. 2009 ). The antinutrients of flavonoids and steroids were low, while oxalate presence is trace. It is established that only high content of these anti-nutrients prevent the absorption of nutrient which are essential for metabolism of the body (Ologhobo 2004) . High content of the anti-nutrients would also affect homeostasis of zinc and iron, inhibit enzymatic digestion of proteins by forming complexes Nutritional and anti-nutrient composition of Sterculia setigera seed J Fish 2(3): 151-156, Dec 2014 with large quantities of protein and would therefore be toxic to the body (AOAC 1999, Munro and Bansir 1969) . 
CONCLUSION
The result of the nutrients composition of proximate and mineral analysis of the Karaya gum tree (S. setigera) seeds indicates that it could find be included in fish feed that requires relatively high source of carbohydrate. It has potential for use as source of energy and minerals in fish and livestock diets. The crude fat content and carbohydrate shows that the seed could provide sufficient energy thereby prevent the utilization of protein meant for growth as source of energy. The low moisture content of Karaya gum tree seed will discourage microbial growth, decrease the rate of enzymatic reaction and hence deterioration will be very low. The seed also contain essential vitamins necessary for fish growth, maintenance and reproduction. However, the value of vitamin A is relatively low, but not too low for plant based vitamins. By inference, the seed will supplement other sources of dietary minerals in fish if eaten, and since its macro nutrients content is very high, it implies that adequate inclusion of the seeds in fish diet would satisfy the needed energy daily allowance in conjunction with other sources of dietary minerals and reduce competition between man and animal for energy feedstuffs.
Some anti-nutritive factors such as alkaloids, cardiac glycosides, phytate and trace of oxalate were detected in the plant and may not pose any serious nutritional problem in consumption of the seed if well processed before is inclusion in fish diets. However, further work is needed to investigate the processing method that will reduce the anti-nutritional factors to the barest minimum before its inclusion in fish feed. The addition of S. setigera in fish ingredients will make fish feed to be cheaper and also add to the growing lists of plant source for fish feed.
